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@  Nonmetallic  surgical  clip. 
A  nonmetallic  surgical  clip  having  two  separate  parts  is 

described.  The  first  part  contains  at  least  one  arm.  The 
second  part  contains  at  least  means  for  approximating  the 
arm.  The  clip  is  useful  in  ligating  a  blood  vessel,  e.g.,  an 
artery. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  n o n m e t a l l i c   s u r g i c a l  

c l i p .   More  s p e c i f i c a l l y ,   t h i s   i n v e n t i o n   r e l a t e s   to  a  n o n -  

m e t a l l i c   s u r g i c a l   c l i p   h a v i n g   two  s e p a r a t e   p a r t s .  

An  e m b o d i m e n t   is  w h e r e i n   each   p a r t   of  the   c l i p  

c o n t a i n s   an  arm  and  means   f o r   a p p r o x i m a t i n g   t he   c o o p e r a t i n g  

s u r f a c e s   of  the   two  a r m s .   An  e m b o d i m e n t   of  t h e   a p p r o x i m a -  

t i n g   m e a n s   c o m p r i s e s   a  p r o t r u s i o n   at  the   p r o x i m a l   end  o f  

one  arm  and  an  o p e n i n g   at   thp  p r o x i m a l   end  of  t h e   o t h e r  

a rm.   A  s p e c i f i c   e m b o d i m e n t   is  w h e r e i n   the   p r o t r u s i o n   a n d  

the   o p e n i n g   a re   in  an  o b l i q u e   r e l a t i o n s h i p   to  t he   a r m s .  

The  o b l i q u e   r e l a t i o n s h i p   of  the   p r o t r u s i o n   a n d  

the   o p e n i n g   to  t he   arms  has   a t   l e a s t   two  a d v a n t a g e s .   One  

a d v a n t a g e   is  t h a t   the   h e i g h t   of  the   s u r g i c a l   c l i p   d e c r e a s e s  

in  an  o b l i q u e   r e l a t i o n s h i p   b e t w e e n   the   p r o t r u s i o n   and  t h e  

o p e n i n g ,   and  the   a rms ,   as  c o m p a r e d   to  a  p e r p e n d i c u l a r  

r e l a t i o n s h i p .   A l s o   the   g r e a t e r   t he   o b l i q u e   r e l a t i o n s h i p  

( t h a t   i s ,   t he   f u r t h e r   f rom  a  p e r p e n d i c u l a r   or  900  r e l a t i o n -  

s h i p )  ,   t h e   g r e a t e r   the   d e c r e a s e   in  the   h e i g h t   of  t he   s u r g i c a l  

c l i p .  

A n o t h e r   a d v a n t a g e   is  t h a t   t he   f o r c e   r e q u i r e d   t o  

open  a  s u r g i c a l   c l i p   a f t e r   t he   c o o p e r a t i n g   s u r f a c e s   h a v e  

been   a p p r o x i m a t e d   i n c r e a s e s   w i t h   an  o b l i q u e   r e l a t i o n s h i p  

b e t w e e n   the   p r o t r u s i o n   and  the   o p e n i n g ,   and  the   a r m s ,   a s  

c o m p a r e d   to  a  p e r p e n d i c u l a r   r e l a t i o n s h i p .   A g a i n ,   the   g r e -  
a t e r   t he   o b l i q u e   r e l a t i o n s h i p   ( t h a t   i s ,   the   f u r t h e r   from  a 
p e r p e n d i c u l a r   or  900  r e l a t i o n s h i p ) ,   t he   g r e a t e r   the   i n -  



c r e a s e   in  t he   f o r c e   r e q u i r e d   to  open  a  s u r g i c a l   c l i p .  

Both  of  t h e s e   a d v a n t a g e s   a r e   e x t r e m e l y   i m p o r t a n t ,  

and  may  even  be  c r i t i c a l ,   in  a  s u r g i c a l   p r o c e d u r e ,   e . g .   t h e  

l i g a t i n g   of  a  b l o o d   v e s s e l .   I t   is  c r i t i c a l   t h a t   a  s u r g i c a l  

l i g a t i n g   c l i p   s t o p   t he   f low  of  b l o o d   t h r o u g h   a  v e s s e l .   I f  

t h e   v e s s e l   l i g a t e d   is   an  a r t e r y ,   t h e n   a  v a r i a b l e   f o r c e   ( d u e  

to  the   e x p a n s i o n   and  c o n t r a c t i o n   of  the   h e a r t   m u s c l e )   w i l l  

be  a c t i n g   on  the   c l i p .   The  s u r g i c a l   c l i p   of  t h i s   i n v e n t i o n  

in  an  o b l i q u e   r e l a t i o n s h i p   a s s u r e s   a  wide   m a r g i n   of  s a f e t y  

a g a i n s t   even  a  p a r t i a l   o p e n i n g   of  t he   a p p r o x i m a t e d   c l i p  

c o o p e r a t i n g   s u r f a c e s ,   a f t e r   a  b l o o d   v e s s e l   is  l i g a t e d .  
A l so   of  e x t r e m e   i m p o r t a n c e   is  t h e   s i z e   of  t h e  

s u r g i c a l   c l i p   and  m e c h a n i c a l   a p p l i c a t o r   u s e d   in  l i g a t i o n .  
T h a t   i s ,   s u r g i c a l   c l i p s ,   a l t h o u g h   i d e a l   in  a l l   p r o p e r t i e s  

e x c e p t   s i z e ,   can  be  e s s e n t i a l l y   w i t h o u t   u s e f u l n e s s   i f ,   e . g .  ,  
t he   v e s s e l   or  t i s s u e   to  be  l i g a t e d   is  in  a  s m a l l   a r e a   or  i f  

o t h e r   v e s s e l s   or  o r g a n s   impede   the   p l a c e m e n t   of  t he   a p p l i -  

c a t o r   a n d / o r   c l i p .   T h e r e f o r e ,   as  a  g e n e r a l   s t a t e m e n t ,   a  
b e t t e r   s u r g i c a l   c l i p   is  one  t h a t   is  s m a l l e r   a n d / o r   t h i n n e r  

t h a n   t he   s t a t e   of  t h e   a r t   s u r g i c a l   c l i p s .   For  a l l   of  t h e  

a b o v e   r e a s o n s ,   the   s u r g i c a l   c l i p   of  t h i s   i n v e n t i o n   is  n e w ,  
u s e f u l   and  u n o b v i o u s   o v e r   the   known  s t a t e   of  t he   a r t   s u r g i c a l  

c l i p s .  

A n o t h e r   e m b o d i m e n t   is  w h e r e i n   t h e   f i r s t   p a r t   o f  

the   c l i p   has  two  arms  j o i n e d   t o g e t h e r   at  an  a p e x .   The  i m -  

p r o v e m e n t   to  the   f i r s t   p a r t   c o m p r i s e s   a  w e a k e n e d   p o r t i o n  

and  a  bend  in  at  l e a s t   one  arm.  The  bend   is  a t   the   w e a k -  

ened  p o r t i o n .   The  w e a k e n e d   p o r t i o n   can  be  an  o p e n i n g   i n  

two  (or  more)   t r a c k s .   The  t r a c k s   a re   p a r a l l e l   to  a  l e n g t h  

of  a  c l i p   arm.  The  w e a k e n e d   p o r t i o n   can  a l s o   be  one  o r  

more  p e r f o r a t i o n s ,   i n d e n t a t i o n s   or  d e f o r m a t i o n s ,   which   c a n  

be  used   e i t h e r   a l o n e   or  w i t h   e a c h   o t h e r   or  w i t h   the  o p e n -  

ing  in  the   t r a c k s .   I t   is  to  be  u n d e r s t o o d   t h a t   a  w e a k e n e d  

p o r t i o n   can  be  on  e a c h   a r m .  

When  on  e a c h   arm,  the   w e a k e n e d   p o r t i o n s   a re   r e l a -  
t i v e l y   w e a k e r   t h a n   the   c o o p e r a t i n g   s u r f a c e s   of  t he   s u r g i c a l  
c l i p   bu t   r i g i d   e n o u g h   to  m a i n t a i n   the   s h a p e   of  t he   c l i p .   T h i s  



c o m b i n a t i o n   of  a d e q u a t e   r i g i d i t y   of  the   c l i p   in  i t s   n o n c r i m p -  

ed  c o n f i g u r a t i o n   and  of  t he   a b i l i t y   of  t h e   c l i p  t o  p r e s e l e c t -  

i v e l y   b e g i n   to  c r i m p   a t   the   w e a k e n e d   p o r t i o n s ,   e n a b l e s   t h e  

c l i p   of  t h i s   i n v e n t i o n   to  l i g a t e   a  t u b u l a r   s t r u c t u r e   in  t h e  

same  m a n n e r   as  a  m e t a l l i c   c l i p .   T h a t   i s ,   the   c l i p   of  t h i s  

i n v e n t i o n   can  be  p l a c e d   a r o u n d   a  b l o o d   v e s s e l ,   and ,   when  a  
f o r c e   is  a p p l i e d   to  e i t h e r   or  bo th   n o n p a r a l l e l   p a r t s   of  t h e  

a r m s ,   t h e   t i p s   of  t h e   c l i p   t o u c h   each   o t h e r   to  form  a  d i a m o n d  

s h a p e d   e n c l o s u r e   a r o u n d   the   t u b u l a r   s t r u c t u r e .  

The  a d v a n t a g e s   of  t h e  n o n m e t a l l i c   c l i p   of  t h i s   i n -  

v e n t i o n   o v e r   the   known  p r i o r   a r t   p o l y m e r i c   l i g a t i n g   c l i p   a r e  
many .   For  e x a m p l e ,   b e c a u s e   the   c l i p   f o r m s   a  d i a m o n d   s h a p e d  
e n c l o s u r e   a r o u n d   ( t h a t   i s ,   i t   s u r r o u n d s )   t h e   b l o o d   v e s s e l ,  
t he   p o s s i b i l i t y   of   t h e   b l o o d   v e s s e l   e x t r u d i n g   o u t   d u r i n g  
c l o s i n g   is  e s s e n t i a l l y   e l i m i n a t e d .   A l s o ,   e x t e r n a l   ( t o   t h e  

p a r t   of  t he   c l i p   t h a t   is  in  c o n t a c t   w i t h   t h e   b l o o d   v e s s e l )  
means   fo r   c l o s i n g   t h e   c l i p   can  be  u s e d   w i t h   t h i s   i n v e n t i o n .  
E x t e r n a l   c l o s i n g   m e a n s   e l i m i n a t e   t he   n e e d   to  i n s p e c t   and  p o s -  
s i b l y   c l e a n   or  c l e a r   t h e   b l o o d   v e s s e l   (or   o t h e r   t i s s u e )   b e f o r e  
t he   c l i p   c o o p e r a t i n g   s u r f a c e s   can  be  a p p r o x i m a t e d .  

The  n o n m e t a l l i c   m a t e r i a l   can  be  b i o a b s o r b a b l e .  

In  one  e m b o d i m e n t ,   t he   b i o a b s o r b a b l e   m a t e r i a l   is  a  s y n t h e -  

t i c   p o l y m e r .   In  a n o t h e r   e m b o d i m e n t ,   the   s y n t h e t i c   p o l y m e r  

has   a  g l y c o l i c   a c i d   e s t e r   l i n k a g e .   In  y e t   a n o t h e r   e m b o d i -  

m e n t ,   the   p o l y m e r   h a v i n g   a  g l y c o l i c   a c i d   e s t e r   l i n k a g e   i s  

a  h o m o p o l y m e r .   In  s t i l l   y e t   a n o t h e r   e m b o d i m e n t ,   the   p o l y -  

mer  h a v i n g   a  g l y c o l i c   a c i d   e s t e r   l i n k a g e   is  a  c o p o l y m e r .  

As  a  s p e c i f i c   e m b o d i m e n t ,   the   c o p o l y m e r   has   a  g l y c o l i c   a c i d  

e s t e r   l i n k a g e   and  a  t r i m e t h y l e n e   c a r b o n a t e   l i n k a g e .  

A  n o n m e t a l l i c   s u r g i c a l   c l i p   h a v i n g   two  s e p a r a t e  

p a r t s   has   been   i n v e n t e d .   The  f i r s t   p a r t   c o n t a i n s   at  l e a s t  

one  arm.  The  s e c o n d   p a r t   c o n t a i n s   at  l e a s t   means  for   a p -  

p r o x i m a t i n g   the   a r m .  

One  e m b o d i m e n t   of  t h i s   c l i p   has   two  n o n c o n t i g u o u s  

p a r t s .   Each  p a r t   c o n t a i n s   an  arm  and  means   for   a p p r o x i m a -  

t i n g   the  c o o p e r a t i n g   s u r f a c e s   of  the  two  a r m s .  

In  a n o t h e r   e m b o d i m e n t ,   the   f i r s t   p a r t   has  t w o  



arms  j o i n e d   t o g e t h e r   at   an  a p e x .   The  i m p r o v e m e n t   to  t h e  

f i r s t   p a r t   is  c h a r a c t e r i z e d   by  a  w e a k e n e d   p o r t i o n   and  a  

bend  in  at  l e a s t   one  arm.  The  bend  is  at   the   w e a k e n e d   p o r -  
t i o n .   The  a m o u n t   of  the   bend  is  s u c h   t h a t   at  l e a s t   a  p a r t  
of  one  arm  is  in  an  e s s e n t i a l l y   p a r a l l e l   r e l a t i o n s h i p   w i t h  

at   l e a s t   a  p a r t   of  t he   o t h e r   a r m .  

D e s c r i p t i o n   of  t he   D r a w i n g s  

F i g u r e   1  is   a  s i d e   v iew  of  a  s u r g i c a l   c l i p   o f  

t h i s   i n v e n t i o n   p r i o r   to  the   a p p r o x i m a t i o n   of  a  b l o o d   v e s s e l ;  

F i g u r e   2  shows  the   s u r g i c a l   c l i p   of  t h i s   i n v e n t i o n  

a f t e r   a p p r o x i m a t i o n   of  the   b l o o d   v e s s e l   shown  in  F i g u r e   1 ;  

F i g u r e   3  is   a  b o t t o m   v iew  of  F i g u r e   2 ;  

F i g u r e s   4  and  5  a r e   p e r s p e c t i v e   v i e w s   of  F i g u r e s  

1  and  2,  r e s p e c t i v e l y ;  

F i g u r e   6  is  a  p e r s p e c t i v e   v i ew   of  a  s u r g i c a l  

c l i p   of  t h i s   i n v e n t i o n   s h o w i n g   a  means   fo r   a t t a c h i n g   one  p a r t  
of  the   s u r g i c a l   c l i p   to  a  m e c h a n i c a l   a p p l i c a t o r ;  

F i g u r e   7  is   a  s i d e   v iew  of  t he   s u r g i c a l   c l i p   o f  

F i g u r e   6,  a f t e r   t he   c l i p   c o o p e r a t i n g   s u r f a c e s   have   b e e n  

a p p r o x i m a t e d ;   a n d  

F i g u r e   8  is  a  f r o n t   v iew  of  t he   m e c h a n i c a l   a p p l i -  

c a t o r   shown  in  F i g u r e s   6  and  7,  t a k e n   a l o n g   the   p l a n e   8-8  o f  

F i g u r e   7 .  

F i g u r e s   9  to  12  a re   s i d e ,   top   back   and  f r o n t  

v i e w s ,   r e s p e c t i v e l y ,   of  a n o t h e r   s u r g i c a l   c l i p   of  t h i s   i n -  

v e n t i o n ;  

F i g u r e s   13  to  15  a re   s i d e ,   top  and  f r o n t   v i e w s ,  

r e s p e c t i v e l y ,   of  a  U - s h a p e d   member  w h i c h   is  u s e f u l   as  a  

means   for   a p p r o x i m a t i n g   the   c o o p e r a t i n g   s u r f a c e s   of  t h e  

c l i p   shown  in  F i g u r e s   9  to  1 2 ;  

F i g u r e   16  is  a  s i d e   view  and  F i g u r e   19  is  a  p e r -  
s p e c t i v e   v iew  s h o w i n g   the   c l i p   of  F i g u r e s   9  to  12  and  t h e  

U - s h a p e d   member  of  F i g u r e s   13  to  15  in  a  c l o s e d   c o n f i g u r a -  

t i o n ;  

F i g u r e   17  is  a  p e r s p e c t i v e   v i ew  s h o w i n g   a  c l i p  
of  F i g u r e   9  as  a  f i r s t   p a r t ,   in  an  open   c o n f i g u r a t i o n ,   a n d  

the   U - s h a p e d   member  of  F i g u r e   13  as  a  s e c o n d   p a r t ,   b o t h  



p a r t s   b e i n g   c o n t a i n e d   by  a  m e c h a n i c a l   a p p l i c a t o r ;   a n d  

F i g u r e   18  is  a  p e r s p e c t i v e   v iew  of  t he   c l i p   o f  

F i g u r e   17  in  a  p a r t i a l l y   c l o s e d   c o n f i g u r a t i o n ,   s h o w i n g   a 

d i a m o n d - s h a p e d   e n c l o s u r e   a b o u t   a  t u b u l a r   v e s s e l .  

DESCRIPTION  OF  THE  INVENTION 

F i g u r e s   1  to  7  d e s c r i b e   a  s u r g i c a l   l i g a t i n g   c l i p  

h a v i n g   two  s e p a r a t e   and  n o n c o n t i g u o u s   p a r t s   1  and  2.  E a c h  

p a r t   c o m p r i s e s   an  arm  3  and  4,  r e s p e c t i v e l y .   Each  p a r t   a l s o  

c o m p r i s e s   a  means   5  and  6,  r e s p e c t i v e l y ,   f o r   a p p r o x i m a t i n g  

the   c o o p e r a t i n g   s u r f a c e s   ( s e e ,   e . g .  ,   e l e m e n t   8  in  F i g u r e   6 )  

of  the   two  a rms  3  and  4.  R e f e r r i n g   to  F i g u r e s   1  and  2 ,  4   a n d  

5,  or  6  and  7,  t he   r e l a t i o n s h i p   of  the   a p p r o x i m a t i n g   m e a n s  

5  and  6  to  the   arms  3  and  4  is  p r e f e r a b l y   an  o b l i q u e  

r e l a t i o n s h i p .  

R e f e r r i n g   to  F i g u r e s   1,  4,  and  6,  t he   arms  3  a n d  

4  a r e   in  an  e s s e n t i a l l y   p a r a l l e l   r e l a t i o n s h i p .   The  c o o p e r a -  

t i n g   s u r f a c e   of  arm  3  can  c o n t a i n   a  r a i s e d   p o r t i o n .   T h e  

c o o p e r a t i n g   s u r f a c e   8  of  arm  4  is  at  l e a s t   p a r t i a l l y   s e r r a t -  

ed.   The  a p p r o x i m a t i n g   means   6  can  c o m p r i s e   a  p r o t r u s i o n   11 

at   the   p r o x i m a l   end  of  arm  4 .  

As  i m p l i c i t l y   shown  in  F i g u r e s   2,  5  and  7,  t h e  

a p p r o x i m a t i n g   means   5  can  c o m p r i s e   an  o p e n i n g .   The  arms  3 

and  4  a r e   a p p r o x i m a t e d   by  f i t t i n g   the   p r o t r u s i o n   11  i n t o   t h e  

o p e n i n g .  

R e f e r r i n g   to  F i g u r e s   1  and  4,  t he   p r o t r u s i o n   11 

has   a  g e o m e t r i c a l   c o n f i g u r a t i o n   e s s e n t i a l l y   i d e n t i c a l   i n  

s h a p e   bu t   a  c r o s s - s e c t i o n a l   p e r i m e t e r   s l i g h t l y   s m a l l e r   t h a n  

the   i n s i d e   p e r i m e t e r   of  the   a p p r o x i m a t i n g   means   5  o p e n i n g .  

F u r t h e r ,   to  a s s u r e   a  more   p e r m a n e n t   c o n t a c t ,   t he   p r o t r u s i o n  
11  can  have   a  t a p e r   and  the   o p e n i n g   in  t he   a p p r o x i m a t i n g  

means   5  can  have   an  a p p r o x i m a t e l y   e q u a l   r e v e r s e   t a p e r .  
The  p r o t r u s i o n   11  can  be  i n s e r t e d ,   e i t h e r   m a n u a l -  

ly  or  w i t h   a  m e c h a n i c a l   a p p l i c a t o r ,   i n t o   t he   a p p r o x i m a t i n g  

means   5  o p e n i n g .   A  m e c h a n i c a l   a p p l i c a t o r   is  p r e f e r r e d .  

F i g u r e s   1  to  5  and  6  to  8  show  a l t e r n a t i v e   d i s t a l   ends   o f  

a p p l i c a t o r s   which   can  be  used   to  m e c h a n i c a l l y   a p p r o x i m a t e  
the   c o o p e r a t i n g   s u r f a c e s   of  arms  3  and  4 .  



In  t h e s e   f i g u r e s ,   the  s u r g i c a l   c l i p   arms  t end   t o  

be  more  t h a n   900  away  from  the   d i s t a l   end  of  the   m e c h a n i c a l  

a p p l i c a t o r s .   H o w e v e r ,   i t   is  to  be  u n d e r s t o o d   t h a t   t h e  

s u r g i c a l   c l i p   arms  can  be  l e s s   t h a n   900  away  from  t he   d i s t a l  

end  of  t he   m e c h a n i c a l   a p p l i c a t o r s .  

R e f e r r i n g   to  F i g u r e s   1  to  3  or  4  and  5,  i f   a  

m e c h a n i c a l   a p p l i c a t o r   is   u s e d ,   t he   a p p r o x i m a t i n g   means   6  c a n  

c o n t a i n   a  means   f o r   d o v e t a i l i n g   t he   p r o t r u s i o n   11  o n t o   t h e  

m e c h a n i c a l   a p p l i c a t o r .   The  d o v e t a i l i n g   m e a n s   can  c o m p r i s e  

a  m o r t i s e   13  on  t he   p r o t r u s i o n   11  and  a  t e n o n   14  on  t h e  

m e c h a n i c a l   a p p l i c a t o r .  

The  a p p r o x i m a t i n g   means   5  c a n  b e  m o v a b l y   c o n t a i n -  

ed  on  t h e   m e c h a n i c a l   a p p l i c a t o r .   To  a c c o m p l i s h   t h i s ,   t h e  

m e c h a n i c a l   a p p l i c a t o r   can  have   a  s h a f t   27.   As  shown ,   e . g . ,  
in  F i g u r e   4,  the   c r o s s - s e c t i o n a l   p e r i m e t e r   of  t he   s h a f t   27  

is   e s s e n t i a l l y   i d e n t i c a l   to  t he   a p p r o x i m a t i n g   means   5  o p e n -  

i n g .   A l s o ,   the   c r o s s - s e c t i o n a l   a r e a   of  t he   s h a f t   27  i s  

s l i g h t l y   l e s s   t h a n   t he   c r o s s - s e c t i o n a l   a r e a   of  t he   a p p r o x i -  

m a t i n g   means   5  o p e n i n g .   The  a c t u a l   d i f f e r e n c e s   b e t w e e n  

t h e s e   c r o s s - s e c t i o n a l   a r e a s   is  not   c r i t i c a l   p r o v i d e d   t h a t   a  

f o r c e   a p p l i e d   to  t h e   a p p r o x i m a t i n g   means   5  can  o v e r c o m e   t h e  

s t a t i c   f r i c t i o n   b e t w e e n   the   c o n t a c t   s u r f a c e s   of  t he   s h a f t   27  

and  t h e   a p p r o x i m a t i n g   means   5  o p e n i n g .  
The  a p p r o x i m a t i n g   means   6  can  a l s o   c o n t a i n   a  s l o t  

f o r w a r d   of  and  b e l o w   the   m o r t i s e   13.  R e f e r r i n g   to  F i g u r e s  

2,  3,  and  5  the   s h a f t   27  can  c o n t a i n   a  t a b   15.  The  t ab   15 

is  p l a c e d   i n t o   t he   a p p r o x i m a t i n g   means   6  s l o t   d u r i n g   d o v e -  

t a i l i n g   of  the   p r o t r u s i o n   11  to  the   m e c h a n i c a l   a p p l i c a t o r .  
T h i s   p r e v e n t s   the   l i g a t i n g   c l i p   p a r t   2  f rom  d i s e n g a g i n g   f r o m  

t h e   a p p l i c a t o r   ( e . g . ,   as  shown  in  F i g u r e s   1  and  4,  d u r i n g  

l i g a t i o n   of  a  t u b u l a r   v e s s e l ) .  

R e f e r r i n g   to  F i g u r e s   6  to  8,  a  m e a n s   fo r   a t t a c h i n g  
the   a p p r o x i m a t i n g   means   6  to  the   s h a f t   27,  and  an  a l t e r n a t i v e  

means   fo r   p r e v e n t i n g   d i s e n g a g e m e n t   of  t he   l i g a t i n g   c l i p   p a r t  
2  f rom  a  m e c h a n i c a l   a p p l i c a t o r   is  shown.   The  d i s t a l   end  o f  

t he   s h a f t   27  is  n o t c h e d   to  o b t a i n   a  w e a k e n e d   a r e a   27a .   I m -  

p l i e d l y   in  t h i s   e m b o d i m e n t ,   the   p a r t   2  and  the   s h a f t   27  a r e  



m a n u f a c t u r e d   from  a  s o l e   p i e c e   of  n o n m e t a l l i c   m a t e r i a l ,   e . g .  

by  m a c h i n i n g   or  by  i n j e c t i o n   m o l d i n g .   As  shown  in  F i g u r e s  

6  to  8,  a l t h o u g h   the   w e a k e n e d   p o r t i o n   27a ,   is  in  t h e  

v e r t i c a l ,   i t   is  to  be  u n d e r s t o o d   t h a t   the   w e a k e n e d   p o r t i o n  

can  be  any  g e o m e t r i c a l   d e s i g n ,   p r o v i d e d   t h a t   t he   p a r t   2  c a n  

be  m a n u a l l y   s e p a r a t e d   from  the   s h a f t   27  a f t e r   t he   arms  3  a n d  

4  a r e   a p p r o x i m a t e d .  

The  l i g a t i n g   c l i p   of  t h i s   i n v e n t i o n   can   be  m e c h -  

a n i c a l l y   a p p l i e d   to  a  l i v i n g   m a m m a l i a n   t i s s u e ,   e . g .   a  

t u b u l a r   member  s u c h   as  a  u t e r i n e   a r t e r y .   The  a p p l i c a t i o n   c a n  

be  by  a  m e c h a n i c a l   a p p l i c a t o r .   The  t y p e   of  m e c h a n i c a l  

a p p l i c a t o r   is  n o t   c r i t i c a l   to  t he   p r a c t i c e   of  t h i s   i n v e n -  

t i o n .   T h a t   i s ,   an  a p p l i c a t o r   f rom  the   p r i o r   a r t   can   be  u s e d  

to  a p p l y   the   l i g a t i n g   c l i p   to  a  l i v i n g   m a m m a l i a n   t i s s u e .  

E x a m p l e s   of  p r i o r   a r t   a p p l i c a t o r s   w h i c h   can  be  used   i n c l u d e ,  

b u t   a r e   n o t   l i m i t e d   t o ,   a  p u s h - p u l l   t y p e ,   such   as  a  p l u n g e r  

or  p i s t o n   d e v i c e ,   and  a  f u l c r u m   t y p e ,   such   as  a  m e d i c a l  

d e v i c e   h a v i n g   s c i s s o r s - l i k e   or  p l i e r s - l i k e   h a n d l e s .  

A  p u s h - p u l l   a p p l i c a t o r ,   such   as  a  p l u n g e r   can  b e  

used   by  p u s h i n g   down  on  the   p l u n g e r ,   fo r   e x a m p l e ,   w i t h   t h e  

t humb .   T h i s   c a u s e s   the   a p p r o x i m a t i n g   means  of  p a r t   1  to  b e  

e n g a g e d   w i t h   the   a p p r o x i m a t i n g   means   of  the   o t h e r   p a r t   2 .  

R e f e r r i n g   to  F i g u r e s   1  and  4  to  7,  at   t he   d i s t a l  

end  of  t he   p l u n g e r ,   p a r t   2  of  the   c l i p   is  a t t a c h e d   to  a  

s t a t i o n a r y   m e m b e r ,   fo r   e x a m p l e   i n t e r i o r   rod  27.  P a r t   1  o f  

the   c l i p   is  m o v a b l y   c o n t a i n e d   on  the   rod  27.  The  means   f o r  

m o v i n g   the   c l i p   p a r t   1  (on  the   rod  27)  can  be  an  e x t e r i o r   r o d  

26.  R e f e r r i n g   to  F i g u r e s   6  to  8,  the   e x t e r i o r   rod  26  c a n  
c o m p l e t e l y   e n c i r c l e   the   i n t e r i o r   rod  27,  or  a l t e r n a t i v e l y ,  

r e f e r r i n g   to  F i g u r e s   1  to  5,  t h e r e   can  be  a  p a i r   of  e x t e r i o r  
r o d s   26  ( s e e   s p e c i f i c a l l y   F i g u r e   5 ) .   The  p a i r   of  e x t e r i o r  
r o d s   26  a r e   p o s i t i o n e d   on  o p p o s i t e   s i d e s   of  the   i n t e r i o r   r o d  

27.  The  p l u n g e r   can  t h e n   be  d i s e n g a g e d   from  the   c l i p ,   f o r  

e x a m p l e   by  a  l a t c h i n g   m e a n s ,   or  by  a  d o v e t a i l i n g   m e a n s  
d e s c r i b e d   a b o v e ,   a f t e r   the   c o o p e r a t i n g   s u r f a c e s   of  p a r t s   1 
and  2  have   o c c l u d e d   a  b l o o d   v e s s e l   or  f l a t t e n e d   a  t u b u l a r  
member .   R e f e r r i n g   to  F i g u r e s   2 ,  3   and  5,  the  f o r c e   n e c e s s a r y  



to  p u l l   t he   t e n o n   14  from  the   m o r t i s e   13  is  g r e a t e r   t h a n   t h e  

f o r c e   n e c e s s a r y   to  o c c l u d e   the   l a r g e s t   b l o o d   v e s s e l   the   c l i p  
can  c o n t a i n .  

A  f u l c r u m   t y p e   a p p l i c a t o r   can  be  u s e d ,   e . g . ,   b y  

b r i n g i n g   t h e   two  s c i s s o r s - l i k e   h a n d l e s   t o g e t h e r .   T h i s  

c a u s e s   t he   a p p r o x i m a t i n g   means   of  p a r t   1  to  be  e n g a g e d   w i t h  

the   a p p r o x i m a t i n g   means   of  t he   o t h e r   p a r t   2.  R e f e r r i n g   t o  

F i g u r e s   1  and  4  to  7,  t h e . d i s t a l   end  of  t he   f u l c r u m   t y p e  

a p p l i c a t o r   can  be  e s s e n t i a l l y   i d e n t i c a l   to  t h a t   d e s c r i b e d  

above   for   t he   p u s h - p u l l   a p p l i c a t o r .  

F i g u r e s   9  to  15  d e s c r i b e   a  s u r g i c a l   l i g a t i n g  

c l i p   h a v i n g   two  s e p a r a t e   p a r t s   101  and  102,   r e s p e c t i v e l y .  

R e f e r r i n g   to  F i g u r e s   9  to  12,  p a r t   101  c o m p r i s e s  

two  e s s e n t i a l l y   p a r a l l e l   arms  103  and  104.   P r e f e r a b l y ,   t h e  

two  arms  103  and  104  a re   e s s e n t i a l l y   s y m m e t r i c a l .   The  t w o  

arms  103  and  104  a r e   j o i n e d   at   t h e i r   p r o x i m a l   ends   to  t w o  

n o n p a r a l l e l   members   103b  and  104b ,   r e s p e c t i v e l y .   The  p r o x i -  

mal  ends   of  the   two  n o n p a r a l l e l   m e m b e r s   103b  and  104b  a r e  

j o i n e d   t o g e t h e r   at  an  apex  1 0 5 .  

P r e f e r a b l y ,   p a r t   101  a l s o   c o n t a i n s   a  p r o t r u s i o n  

106.   More  p r e f e r a b l y ,   t he   p r o t r u s i o n   106  is  a d j a c e n t   t h e  

apex  105.   The  p r o t r u s i o n   106  p r o v i d e s   means   fo r   h o l d i n g  
the   p a r t   101  in  a  c o n t i g u o u s   r e l a t i o n s h i p   w i t h   t he   d i s t a l  

end  of  t he   p a r t   102,  as  shown  e . g .   in  F i g u r e   17.  R e f e r r i n g  

to  F i g u r e   17,  the   p r o x i m a l   ends   of  t r a c k s   115  and  116  o f  

p a r t   101  can  a l s o   be  e s s e n t i a l l y   c o n t i g u o u s   w i t h   t h e   d i s t a l  

end  of  p a r t   1 0 2 .  

The  arms  103  and  104  and  t he   n o n p a r a l l e l   m e m b e r s  

103b  and  104b  a re   a p p r o x i m a t e d   by  s l i d i n g   the   l e g s   110  a n d  

111  of  p a r t   102  b e t w e e n   the   r e s p e c t i v e   t r a c k s   115  and  1 1 6  

of  p a r t   1 0 1 .  

R e f e r r i n g   to  F i g u r e s   9  to  12  and  16  to  19,  t h e  

arms  103  and  104  and  the   r e s p e c t i v e   n o n p a r a l l e l   m e m b e r s  

103b  and  104b  a re   p r e f e r a b l y   in  an  e s s e n t i a l l y   s y m m e t r i c a l  

r e l a t i o n s h i p .   R e f e r r i n g   s p e c i f i c a l l y   to  F i g u r e   9 , - t h e   c o -  

o p e r a t i n g   s u r f a c e s   108a  and  109a  of  arms  103  and  104  a n d / o r  

108b  and  109b  of  members   103b  and  104b  can  be  f l a t .   I n  



a n o t h e r   e m b o d i m e n t ,   e i t h e r   one  or  b o t h   of  the   c o o p e r a t i n g  

s u r f a c e s   108a  and  109a  or  108b  and  109b  can  be  at  l e a s t   p a r -  

t i a l l y   s e r r a t e d .   A  f i n a l   e m b o d i m e n t   of  e i t h e r   or  b o t h   o f  

the  c o o p e r a t i n g   s u r f a c e s   can  be  an  e l l i p t i c a l   or  egg  s h a p e d  

c o n f i g u r a t i o n .  

R e f e r r i n g   to  F i g u r e s   9,  13  to  16  and  18,  p a r t   1 0 2  

c o m p r i s e s   a  means   110  and  111  for   a p p r o x i m a t i n g   t he   c o o p e r -  

a t i n g   s u r f a c e s   108a  and  109a  of  the   two  arms  103  and  1 0 4 ,  

and  108b  and  109b  of  the   two  n o n p a r a l l e l   m e m b e r s   103b  a n d  

104b .   As  s p e c i f i c a l l y   shown  in  F i g u r e s   13  to  16,  p a r t   1 0 2  

c o m p r i s e s   an  e s s e n t i a l l y   U - s h a p e d   member .   In  F i g u r e   16  

( s e e   a l s o   F i g u r e   1 7 ) ,   e a c h   of  t he   two  l e g s   110  and  111  i s  

e s s e n t i a l l y   l e s s   t h a n   the   l e n g t h   of  the   r e s p e c t i v e   t r a c k  

115  and  116.   I t   is  to  be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   a l t e r -  

n a t i v e l y   t he   two  l e g s   110  and  111  can  be  e s s e n t i a l l y   e q u a l  

to  t he   l e n g t h   of  t he   r e s p e c t i v e   t r a c k s   115  and  1 1 6 .  

R e i n f o r c i n g   r i b s   112  and  113  can  be  p l a c e d   o n  

e i t h e r   or  b o t h   s i d e s   of  t he   l e g s   110  and  111,   and  a l s o  

( e . g . ,   as  shown  w i t h   r e i n f o r c i n g   r i b   112)  on  the   apex   1 1 4  

of  t he   U - s h a p e d   member .   The  r e i n f o r c i n g   r i b s   t e n d   to  d e -  

c r e a s e ,   i f   no t   e l i m i n a t e ,   the   p o s s i b l e   t w i s t i n g   m o t i o n   o f  

the   l e g s   110  and  111  a f t e r   the   arms  103  and  104  and  n o n -  

p a r a l l e l   members   103b  and  104b  a r e   a p p r o x i m a t e d ,   as  s h o w n  

in  F i g u r e s   16  and  1 7 .  

R e f e r r i n g   to  F i g u r e s   9,  10,  16,  18  and  19,  c r i t i -  

ca l   to  t he   p r a c t i c e   of  t h i s   i n v e n t i o n   a re   t he   w e a k e n e d   p o r -  
t i o n s   103a  and  1 0 4 a .   In  F i g u r e   9,  the   w e a k e n e d   p o r t i o n s  
103a  and  104a  a re   shown  as  o p e n i n g s   in  the  t r a c k s   115  a n d  

116.   H o w e v e r ,   i t   is  to  be  u n d e r s t o o d   t h a t   t he   w e a k e n e d  

p o r t i o n s   can  be  m a n u f a c t u r e d   by  o t h e r   m e a n s ,   e . g .   bu t   n o t  
l i m i t e d   t o ,   one  or  more  p e r f o r a t i o n s ,   or  one  or  more  c o n -  
t i n u o u s   or  d i s c o n t i n u o u s   i n d e n t a t i o n s   or  d e f o r m a t i o n s .   An 

e x a m p l e   of  two  c o n t i n u o u s   i n d e n t a t i o n s   a re   shown  in  F i g u r e  
10  as  d o u b l e   s c o r e   l i n e s   a d j a c e n t   to  the   w e a k e n e d   p o r t i o n  
103a .   The  p e r f o r a t i o n ( s ) ,   i n d e n t a t i o n ( s )   or  d e f o r m a t i o n ( s )  

can  be  used   e i t h e r   a l o n e   or  in  c o m b i n a t i o n   w i t h   e a c h   o t h e r ,  
or  in  c o m b i n a t i o n   w i t h   the   w e a k e n e d   p o r t i o n s   103a  and  1 0 4 a  



as  shown  in  F i g u r e s   9  and  1 8 .  

To  o b t a i n   the   same  c o n f i g u r a t i o n   of  p a r t   101  

shown  in  F i g u r e s   18  and  19,  the   p e r f o r a t i o n ( s ) ,   i n d e n t a -  

t i o n ( s )   or  d e f o r m a t i o n ( s )   must   be  in  e s s e n t i a l l y   the   s a m e  

a r e a   as  the   w e a k e n e d   p o r t i o n s   103a  and  1 0 4 a .  

I t   is   to  be  u n d e r s t o o d   t h a t   w e a k e n e d   p o r t i o n s  

103a  and  104a  a r e   r e l a t i v e l y   w e a k e r   t h a n   the   c o o p e r a t i n g  

s u r f a c e s   108a ,   108b ,   109a  and  109b  b u t   r i g i d   e n o u g h   to  m a i n -  

t a i n   t he   s h a p e   of  p a r t   101  of  the   c l i p ,   e . g .   as  shown  i n  

F i g u r e   17,  u n t i l   a  f o r c e   is  a p p l i e d   by  the   U - s h a p e d   p a r t  
102.   T h i s   c o m b i n a t i o n   of  a d e q u a t e   r i g i d i t y   of  the   c l i p  

p a r t   101  in  i t s   n o n c r i m p e d   c o n f i g u r a t i o n   and  of  the   a b i l i t y  

of  the   c l i p   p a r t   101  to  p r e s e l e c t i v e l y   b e g i n   to  c r i m p   a t  

t he   w e a k e n e d   p o r t i o n s   103a  and  104a  e n a b l e s   t he   s u r g i c a l  

l i g a t i n g   c l i p   of  t h i s   i n v e n t i o n   to  l i g a t e   a  t u b u l a r   s t r u c -  

t u r e   in  the   same  m a n n e r   as  a  m e t a l l i c   c l i p .   T h a t   i s ,   a s  

shown  in  F i g u r e   17,  the   c l i p   is  p l a c e d   a r o u n d   the   b l o o d  

v e s s e l .   In  F i g u r e   18  the   t i p s   of  p a r t   101  t o u c h   e a c h   o t h e r  

to  form  a  d i a m o n d   s h a p e d   e n c l o s u r e   a r o u n d   the   t u b u l a r   s t r u c -  

t u r e ,   and  in  F i g u r e   19  the   arms  103  and  104  and  the   mem-  

b e r s   103b  and  104b  a r e   a p p r o x i m a t e d .  

R e f e r r i n g   a g a i n   to  F i g u r e s   9  to  13,  the   means   1 0 6  

fo r   h o l d i n g   the   p a r t   101  in  a  c o n t i g u o u s   r e l a t i o n s h i p   w i t h  

t he   d i s t a l   end  of  the   p a r t   102  can  f u r t h e r   c o m p r i s e   one  o r  

more  t a b s   107.   E i t h e r   t he   p r o t r u s i o n   106  a n d / o r   t he   t a b s  

107  a re   m o v a b l y   c o n t a i n e d   by  a  m e c h a n i c a l   a p p l i c a t o r   ( s e e  

e . g . ,   F i g u r e   1 7 ) .   The  means   for   c o n t a i n i n g   the   p r o t r u s i o n  
106  a n d / o r   t he   t a b s   107  at  the   d i s t a l   end  of  the   m e c h a n i -  

c a l   a p p l i c a t o r   a r e   known  in  the   p r i o r   a r t   and  can  be,   e . g . ,  
a  n o t c h   at  t he   d i s t a l   end  of  t he   a p p l i c a t o r .   A f t e r   t h e  

c l i p   is  in  an  a p p r o x i m a t e d   p o s i t i o n ,   as  shown  e . g .   in  F i g -  

u re   19,  the   p r o t r u s i o n   106  a n d / o r   t he   t a b s   107  can  s e p a r -  
a t e   f rom  the   n o t c h ,   e . g .   by  a  m a n u a l   f o r c e   t r a n s m i t t e d   t o  

the   d i s t a l   end  of  the   a p p l i c a t o r .  

The  t y p e   of  m e c h a n i c a l - . a p p l i c a t o r   u s e f u l   in  m o v -  

a b l y   c o n t a i n i n g   the   l i g a t i n g   c l i p   is  no t   c r i t i c a l   to  t h e  

p r a c t i c e   of  t h i s   i n v e n t i o n .   Tha t   i s ,   an  a p p l i c a t o r   f r o m  



the   p r i o r   a r t   can  be  used   to  a p p l y   the   l i g a t i n g   c l i p   to  a 

l i v i n g   m a m m a l i a n   t i s s u e ,   e . g .   an  a r t e r y .   E x a m p l e s   of  p r i o r  

a r t   a p p l i c a t o r s   w h i c h   can  be  used   i n c l u d e ,   but   a re   no t   l i m -  

i t e d   t o ,   a  p u s h - p u l l   t y p e ,   such  as  a  p l u n g e r   or  p i s t o n   d e -  

v i c e ,   and  a  f u l c r u m   t y p e ,   such   as  a  m e d i c a l   d e v i c e   h a v i n g  

s c i s s o r s - l i k e   or  p l i e r s - l i k e   h a n d l e s .  

R e f e r r i n g   to  F i g u r e s   17  to  19,  a  p u s h - p u l l   a p p l i -  

c a t o r   ( s u c h   as  a  p l u n g e r   d e v i c e )   can  be  used   by  p u s h i n g  

down  on  the  p l u n g e r   117,  fo r   e x a m p l e   w i t h   t he   thumb.   T h i s  

c a u s e s   the   l e g s   110  and  111  of  p a r t   102  to  be  e n g a g e d   b e -  

tween   the   r e s p e c t i v e   t r a c k s   115  and  116  of  the  o t h e r   p a r t  
101.   P a r t i a l l y   p u s h i n g   down  on  the   p l u n g e r   e f f e c t s   the   d i a -  

m o n d - s h a p e   c o n f i g u r a t i o n   of  p a r t   101  of  the   c l i p ,   as  s h o w n  

in  F i g u r e   18.  P u s h i n g   down  on  the   p l u n g e r   fo r   the  c o m p l e t e  

s t r o k e   e f f e c t s   a p p r o x i m a t i o n   of  the   t i s s u e   b e t w e e n   the   r e -  

s p e c t i v e   c o o p e r a t i n g   s u r f a c e s   108a  and  1 0 9 a ,   and  108b  a n d  

109b ,   as  shown  in  F i g u r e   1 9 .  



1.  A  n o n m e t a l l i c   s u r g i c a l   c l i p   h a v i n g   two  s e p a r -  
a t e   p a r t s ,   the   f i r s t   p a r t   c o n t a i n i n g   at  l e a s t   one  arm,  a n d  

the  s e c o n d   p a r t   c o n t a i n i n g   at   l e a s t   means   for   a p p r o x i m a t i n g  

the  a r m .  

2.  A  c l i p   of  C l a i m   1  h a v i n g   two  n o n c o n t i g u o u s  

p a r t s ,   e a c h   p a r t   c o n t a i n i n g   an  arm  and  means   fo r   a p p r o x i -  

m a t i n g   the   c o o p e r a t i n g   s u r f a c e s   of  the   two  a r m s .  

3.  A  c l i p   of  C l a i m   2  w h e r e i n   the   c o o p e r a t i n g  

s u r f a c e s   of  s a i d   arms  a re   in  an  e s s e n t i a l l y   p a r a l l e l   r e l a -  

t i o n s h i p .  

4.  A  c l i p   of  C l a i m   2  w h e r e i n   s a i d   a p p r o x i m a t i n g  

means  c o m p r i s e   a  p r o t r u s i o n   at   the   p r o x i m a l   end  of  one  a r m  

and  an  o p e n i n g   at  t he   p r o x i m a l   end  of  the   o t h e r   a r m .  

5.  A  c l i p   of  C l a i m   4  w h e r e i n   s a i d   p r o t r u s i o n   a n d  

s a i d   o p e n i n g   a re   in  an  o b l i q u e   r e l a t i o n s h i p   to  s a i d   a r m s .  

6.  A  c l i p   of  C l a i m   1,  t he   f i r s t   p a r t   h a v i n g   t w o  

arms  j o i n e d   t o g e t h e r   at   an  a p e x ,   the   i m p r o v e m e n t   to  t h e  

f i r s t   p a r t   c h a r a c t e r i z e d   by  a  w e a k e n e d   p o r t i o n   and  a  b e n d  

in  at  l e a s t   one  arm,  s a i d   bend  b e i n g   at   s a i d   w e a k e n e d   p o r -  
t i o n   and  the   amount   of  s a i d   bend  b e i n g   such   t h a t   at  l e a s t  

a  p a r t   of  one  arm  is  in  an  e s s e n t i a l l y   p a r a l l e l   r e l a t i o n -  

s h i p   w i t h   at   l e a s t   a  p a r t   of  t h e   o t h e r   a r m .  

7.  A  c l i p   of  C l a i m   3  or  6  w h e r e i n   a t   l e a s t   a  

p o r t i o n   of  one  of  the   c o o p e r a t i n g   s u r f a c e s   of  s a i d   arms  a r e  
s e r r a t e d .  

8.  A  c l i p   of  C l a i m   6  w h e r e i n   s a i d   f i r s t   p a r t  
c o n t a i n s   a  p r o t r u s i o n ,   s a i d   p r o t r u s i o n   a d j a c e n t   s a i d   a p e x  
and  o p p o s i t e   the  p r o x i m a l   ends   of  s a i d   a r m s .  

9.  A  c l i p   of  C l a i m   8  w h e r e i n   s a i d   a p p r o x i m a t i n g  

means  is  a  U - s h a p e d   m e m b e r .  

10.  A  c l i p   of  C l a i m   9  w h e r e i n   the   d i s t a l   end  o f  

s a i d   U - s h a p e d   member  is  c o n t a c t i n g   s a i d   p r o t r u s i o n .  
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